Two field experiments were conducted at Sakha Agricultural Research Station, Kafr El-Sheikh Governorate, during the two successive seasons 2012/2013 and 2013/2014. The investigation was aimed to maximize water productivity by intercropping onion on sugar beet through investigate the effect of irrigation and intercropping treatments on onion and sugar beet yield, yield components, quality and some water relations in the North Middle Nile Delta region (31 0 07ˉ N Latitude and 30 0 57ˉ E longitude with an elevation of about 6 metres above mean sea level). The experimental design was split plot with three replicates, the main plots were randomly assigned by three irrigation treatments, I1 (irrigation with 0.8 Ep), I2 (irrigation with 1.0 Ep) and I3 (irrigation with 1.2 Ep), while sub main plots were also randomly assigned by intercropping treatments, D1 (Intercropping onion with sugar beet by planting sugar beet as in pure stand and planting one row only of onion on the back of bed as in pure stand), D2 (Intercropping onion with sugar beet by planting sugar beet as in pure stand and planting two row only of onion on the back of bed as in pure stand), D3 (Intercropping onion with sugar beet by planting sugar beet as in pure stand and planting three row only of onion on the back of bed as in pure stand), D4 (pure stand of sugar beet was planted in bed 120 cm width, spaced 20 cm between hills on both sides of beds to give 35000 plants/ fad.) and D5 (pure stand of onion with planted in rows on the back of bed, 120 cm width, 15 cm between rows and hills). 
INTRODUCTION
Sugar beet is one of the most important crops not only in Egypt but also world wide, production of sugar is not enough. So, the agricultural policy has been given much attention to grow sugar beet to narrow the gap between production and consumption. Increasing sugar yield per unit area had national interest and it can be achieved by adopting suitable cultural practices such as intercropping systems to maximize productivity of both soil and water units. The area that allocated to sugar beet in Egypt had increased mostly in the recent years (16900 fad. in 1982 season to 450000 fad. in 2012 season), also, the contribution of sugar beet to sugar production increased largely, as it reached 35.5% of the total sugar production in 2012 season. Since the cultivated area in Egypt is limited, the agricultural intensification had become urgent necessity to optimize the utilizing of unit area.
Onion (Allium cepa L.) is a valuable crop since ancient times and ranks second after Tomatoes crop in the list of the worldwide cultivated vegetables. In 2010, about 74 million tons of onions were produced in 3.7 million hectares according to the FAOSTAT database (FAO, 2012) . In Egypt, total harvested area was 61535 ha. Producing 2208080 metric tons (FAOSTAT, 2010) . The unit of both water and area productivity still low and it is needed to be increased according to the increasing people demands throughout improved agricultural practices such as irrigation management and intercropping system to maximize productivity of water and soil units.
In Egypt, irrigated agriculture is the dominant type of farming. The rapid increasing in water demand. Irrigation uses more than 85% of the total renewable water supply. Moreover, the annual per capita of water for different purposes is in decreasing gradually to less than the water poverty edge 1000 m 3 per annum (EL-Quosy, 1998) , in addition, the water demand is continuously increasing due to population growth, increased economic activities and the escalating standards of living, and it is prospected to reach to the threshold level of less than 500 m 3 /y/capita. Ustun et al. (2014) found that effect of full root zone wetting and partial root zone drying irrigation techniques with 4 and 8 day (12) irrigation intervals increased by 34.9% irrigation water use efficiency of sugar beet. Yonts (2011) expressed that root and sugar yield of sugar beet was the highest for full irrigation and sugar content did not significantly change by reducing irrigation to 25%. Kiziloglu et al. (2006) indicated that the deficit in irrigation practices significantly decreased root, leaf, and total sugar yield of sugar beet under semiarid and cool season climatic conditions. There was a linear relationship between evapotranspiration and root yield. Water use efficiency was the highest at non-irrigated conditions.
The intercropping system greatly contributes to crop production by its effective utilization of resources, as compared to the monoculture cropping system (Zhang and Li, 2003) . Currently, this system was interestingly increasing in low-input crop production systems and was being extensively investigated (Li et al., 1999) . Besheit et al. (2002) found that the highest sugar beet quality and productivity were obtained from beet planted on ridge (100 cm) width and intercropped with two onion rows, while intercropping onion on the other side of sugar beet ridge (50 cm) width was higher and negativity affected sugar beet quality and quantity.
Under the importance of sugar beet and onion crops and the limited of irrigation water resources. So, studying irrigation scheduling for these crops becomes urgent necessity. Therefore, the main targets for this present study were to:  Investigate the effect of intercropping onion with sugar beet on yield, quality of sugar beet as well as on land equivalent ratio and the net income.  Study water behavior of onion which intercropped on sugar beet.  Maximize productivity of both soil and water units.  Study some water relations for onion and sugar beet as well as water productivity and productivity of irrigation water.
MATERIALS AND METHODS
Two field experiments were conducted at Sakha Agricultural Research Station, kafr El-Sheikh Governorate. The station is situated at 31 o -07' N latitude, 30 o -57' E longitude with an elevation of about 6 metres above mean sea level. It represents the conditions and circumstances of the Northern part of the Middle Nile Delta region. The investigation was to maximize water productivity by intercropping onion on sugar beet through investigate the effect of irrigation and intercropping treatments on onion and sugar beet yield, yield components, quality and some water relations. Agro meteorological data of Sakha station during the two successive winter growing seasons 2012/2013 and 2013/2014, in Some physical and chemical characteristics of the studied site were shown in Tables (2and 3) , of particle size distribution, soil bulk density, soil field capacity and permanent wilting point were determined according to (Klute, 1986) in Table ( 2). The studied chemical characteristics, in Table ( 3): Soil reaction (pH) in 1:2.5 soil water suspension, Total soluble salts (Ec e ) and soluble cations and anions were determined in soil paste extract by the standard methods as described by (Jackson, 1973) . The treatments were arranged in a spilt plot design with three replicates as follows:-The main treatments (irrigation levels, I): I 1 = irrigation with 0.8 Ep (Pan evaporation), I 2 = irrigation with 1.0 Ep and I 3 = irrigation with 1.2 Ep. The sub main treatments (intercropping systems, D): D 1 = Intercropping onion with sugar beet by planting sugar beet as in pure stand and planting one row only of onion on the back of bed as in pure stand, this provides 125% total population. i.e. 100% sugar beet plus 25% of onion. D 2 = Intercropping onion with sugar beet by planting sugar beet as in pure stand and planting two row only of onion on the back of bed as in pure stand, this provides 150% total population. i.e. 100% sugar beet plus 50% of onion. D 3 = Intercropping onion with sugar beet by planting sugar beet as in pure stand and planting three row only of onion on the back of bed as in pure stand, this provides 175% total population. i.e. 100% sugar beet plus 75% of onion. D 4 = pure stand of sugar beet was planted in bed 120 cm width, spaced 20 cm between hills on both sides of beds to give 35000 plants/ fad. D 5 = pure stand of onion with planted in rows on the back of bed, 120 cm width, cm between rows and hills. Sugar beet and onion a winter crops were planted on 28/10/2013 and 17/11/2013 and harvested 6/6/2014 in first, and in second season 25/10/2014 and 14/11/2014 and harvested 15/6/2015, respectively. The recommended seed rate is 4 kg/fed. Of sugar beet (Beta Vulgaris L.) variety Gloria Cv. and 3 kg/fed of onion (Allium cepa L.) variety Giza 20 Cv. All agronomic practices and fertilization were performed as recommended for the crops and the studied area except the studied treatments. The area of each plot was 12.6 m 2 (3.5 m length * 3.6 m width), with ridges 120 cm width, 3.5 m in length. * Data collection:-1-Amount of irrigation water applied (m 3 /fed) Amount of irrigation water applied for each irrigation was measured using cut throat flume (30*90 cm) and then seasonal water applied was recorded during the whole growing season and calculated as m 3 / fed. according to (Early, 1975 Hansen et al. (1979) . Water productivity is generally defined as crop yield per cubic meter of water consumption. Water productivity is defined as crop production per unit amount of water used (Molden, 1997) . Concept of water productivity in agricultural production systems is focused on producing more food with less water resources or producing the same amount of food with less water resources. Water productivity was calculated according to (Ali et al., 2007) . 
4-Productivity of irrigation water (PIW, kg root/m 3 )
Productivity of irrigation water (PIW) as calculated according to (Ali et al., 2007) PIW = y / Wa Where: PIW = productivity of irrigation water (kg /m 3 ) , y = Seed yield kg/fed and Wa = seasonal water applied, (m 3 /fed.) (irrigation water + effective rainfall).
5-Consumptive use efficiency (Ecu, %):
Values of consumptive use efficiency (Ecu) was calculated according to Bos (1980) . Ecu = (ETc / Wa) * 100 Where: Ecu = Consumptive use efficiency (%), ETc = Total evapotranspiration ~ consumptive use and Wa = Water applied to the field.
Competitive relationships and yield advantages: 1-Land equivalent ratio (LER):
This was determined according to Willey (1979) :  TSS (total soluble solids, %).
 Sucrose % (pol %) was estimated in fresh samples of sugar beet root using saccharometer according to the method described by A. O.A.C (1995) .  Purity (%). 2-Onion growth: -At 90 days from transplanting the onion traits were determined;  Bulb yield ton fed
The collected data were statistically analyzed according to the technique of analysis of variance for the spilt plot design by means of "MSTAT-C computer software package by Freed et al. (1988) according to Gomez and Gomez (1984) . Means of the treatments were compared by the least significant difference (LSD) at 5 % level of significance which developed by Waller and Duncan (1969) .
RESULTS AND DISCUSSION

Effect of irrigation and intercropping treatments on: 1-Irrigation water applied:
Presented data in Table ( 4) clearly showed that, sugar beet and onion consider winter field crops. So, the seasonal water applied (Wa) of the two studied crops consists of the two main components, these are irrigation water delivered to the field plot (IW) and rainfall. The total amount of the effective rainfall during the two growing seasons of crops was 12.836 cm. ) in the first and second growing seasons, respectively. Generally, the seasonal values of water applied can be descended in order I 3 > I 2 > I 1 . Increasing the seasonal values of water applied under irrigation treatment I 3 in comparison with other irrigation treatments I 2 and I 1 might be attributed to increasing time of irrigation and hence increasing the amount of water applied. These results are in a great harmony with those reported by Khalifa and Ibrahim (1995) , Gharib and El-Henawy (2011), Mona. S. M. Eid (2012) and Moursi and Darwesh (2014) . Data in the same table also illustrated that intercropping system didn't have any effect on seasonal water applied. Increasing the values of water consumptive use under irrigation treatment I 3 in comparison with other irrigation treatments I 2 and I 1 might be attributed to increasing the amount of water applied under the conditions of this treatment and hence forming strong plants with a thick vegetative growth. Consequently, increasing the exposed area to sunlight, therefore, increasing transpiration from plant surfaces which considers one of the main components of water consumptive use in addition evaporation. These results are in a great agreement with those reported by Gharib and El-Henawy (2011), Mona, S. M. Eid (2012) and Moursi and Darwesh (2014) . Table, because of the vegetative growth for sugar beet is bigger than that for onion. So, the losses by transpiration through this cover will be more than those under cultivation onion only and hence, increasing the values of water consumptive use. These findings are in the same line with those reported by Moursi, et al. (2010) and .
3-Irrigation efficiencies:
Water productivity (WP, kg/ m 3 ), productivity of irrigation water (PIW, kg/ m 3 ) and consumptive use efficiency (Ecu, %). Presented data in Table ( Khalifa and Ibrahim (1995) , Gharib and El-Henawy (2011) and Moursi and Darwesh (2014) .
Data in the same Table indicated that the mean values of consumptive use efficiency (Ecu, %) were affected by irrigation treatments under all intercropping treatments. The highest mean values were recorded under irrigation treatment I 3 (irrigation with 1.2 Ep) in the two growing seasons and values are 45.98 and 44.69 % in the first and second growing seasons, respectively. Meanwhile, the lowest mean values were recorded under irrigation treatment I 1 (irrigation with 0.8 Ep.) in the two growing seasons and the values are 42.86 % and 40.38 % in the first and second growing seasons, respectively. Generally, the mean values of Ecu in the two growing seasons can be descended in order I 3 > I 2 > I 1 . Increasing the mean values of Ecu under irrigation treatment I 3 in comparison with other irrigation treatments I 2 and I 1 may be due to increasing the values of water consumptive use under the conditions of this treatment comparing with I 2 and I 1. These results are in the same line with those reported by Moursi and Darwesh (2014) and .
Regarding the effect of intercropping treatments on WP, PIW and Ecu, data in the same table showed that under all irrigation treatments, intercropping treatments didn't have a clear and static effect on the studied efficiencies. Generally, for all efficiencies, the highest mean values were recorded under intercropping treatment D 4 (pure sugar beet) in the two growing seasons. Meanwhile, the lowest mean values for WP, PIW and Ecu in the two growing seasons were recorded under D 5 (pure onion). These results are in a great harmony with those obtained by . 4-Sugar beet yield, some yield components, gross sugar yield, sucrose (%) and sugar quality: Tabulated data in Table (7 and 8 ) clearly indicated that, the mean values of sugar beet root yield, the studied yield components, gross sugar yield, sucrose (%) and sugar quality were highly significantly affected by both irrigation and intercropping treatments in the two growing seasons. Concerning, the effect of irrigation treatments, the highest mean values for root yield (ton/ fed.), root diameter (cm.), root weight (g), gross sugar yield (ton/fed.), number of leaves/ plant and sucrose (%) were recorded under irrigation treatment I 2 (irrigation with 1.0 Ep) in the two growing seasons and the values are 27.27 and 26.80 ton/ fed. for root yield, 20.63 and 19.87 (cm)for root diameter, 750.8 and 683.3 (g) for root weight, 470.07 and 451.98 (ton/ fed.) for gross sugar yield, 28 and 27 for number of leaves, 390.8 and 333.3 (g.) for leaves weight/ plant and 17.5 and 17.7 (%) for sucrose in the first and second growing seasons, respectively. Meanwhile, the lowest mean values for the abovementioned studied parameters were recorded under irrigation treatment I 1 (irrigation with 0.8 Ep.) except sucrose (%) which recorded under irrigation treatment I 3 (irrigation with 1.2 Ep). Generally, the mean values of these parameters can be descended in order I 2 > I 3 > I 1 in the two growing seasons. Increasing the mean values for the abovementioned studied parameters under irrigation treatment I 2 in comparison with other irrigation treatments I 1 and I 3 might be attributed to under the conditions of this treatment the amount of water applied is suitable for plants (no stress or flooding). So, the plants have a good chance to take their nutritional requirements and solar radiation and hence grow well and this reflects on both yield and yield components vice versa under stress or flooding conditions which give the same bad effect on plant growth. Consequently, decreasing in yield and yield components. Regarding root length and purity, the highest mean values were recorded under irrigation treatment I 1 (irrigation with 0.8 Ep.) and the values are 26.7 and 26.7 cm for root length and 86.2 and 85.9 % for purity in the first and second growing seasons, respectively. Meanwhile, the lowest mean values were recorded under irrigation treatment I 3 (irrigation with 1.2 Ep). Generally, the mean values for root length and purity can be descended in order I 1 > I 2 > I 3 in the two growing seasons. Increasing the mean values for the two parameters under irrigation treatment I 1 which means that water stress in comparison with I 2 and I 3 , this may be due to under these conditions, root moves downward to search for water and hence it increases in length vica versa under the conditions of irrigation treatments I 2 and I 3 . For purity, decreasing the amount of water applied will decrease the absorbed impurities by plants because of decreasing its availability and hence, increasing the mean values of purity. So, for the same reason the highest mean values for TSS % were recorded under irrigation treatment I 3 in comparison with I 1 and I 2 in the two growing seasons and the highest mean values are 23.0 and 23.2% in the first and second growing seasons, respectively. These results are in a great harmony with those reported by Khalifa and Ibrahim (1995) , Gharib and El-Henawy (2011), Mona. S. M. Eid (2012) and Moursi and Darwesh(2014) .
Concerning, intercropping treatments, showed highly significant effect on all studied parameters. The highest mean values for root yield (ton/ fed.), root diameter (cm.), root length (cm.), root weight (g.), gross sugar yield and number of leaves/ plant were recorded under D 4 in the two growing seasons. Meanwhile, the lowest mean values were recorded under D 3 in the two growing seasons. For leaves weight (g.), sucrose and purity (%), the highest mean values were recorded under D 1 but the lowest were recorded under D 3 for leaves weight and purity but D 4 for sucrose %. The highest mean values for TSS% were recorded under D 3. On the other hand, the lowest mean values were recorded under D 4. These results may be due to competition between sugar beet and onion plants for nutrients, carbon dioxide moisture and solar radiation. These results are in a great agreement with those obtained by Hussein and Yousrya (2012) , Abou Khadra et al. (2013) and Abdel Motagally and Metwally (2014) .
7-
Regarding, the interactions between the studied treatments (irrigation and intercropping patterns) showed highly significant effect on all the studied parameters in the two growing seasons.
5-Onion yield and some yield components:
Presented data in Table ( 9) clearly illustrated that the values of onion yield and some yield components were highly significantly affected by both irrigation and intercropping treatments in the two growing seasons. Concerning, the effect of irrigation treatments on onion yield and some yield components (onion yield, ton/ fed., plant height, cm., number of leaves, bulb diameter, cm. and bulb weight (gm.)). The highest mean values were recorded under irrigation treatment I 2 (irrigation with 1.0 Ep) in comparison with other irrigation treatments I 1 (irrigation with 0.8 Ep) and I 3 (irrigation with 1.2 Ep) in the two growing seasons. Generally, the mean values of onion yield and some yield components can be descended in order I 2 > I 3 > I 1 in the two growing seasons. The highest values are 5.79 and 5.35 ton/ fed. for onion yield, 51.50 and 50.78 cm. for plant height, 6 and 6 for number of Leaves, 6.97 and 6.27 cm. for bulb diameter and 88.58 and 87.32 (g.) for bulb weight in the first and second growing seasons, respectively. Meanwhile, the lowest mean values for the abovementioned studied parameters were recorded under irrigation treatment I 1 in the two growing seasons.
Increasing the values of onion yield and the studied yield attributes under irrigation treatment I 2 in comparison with other irrigation treatments I 1 (stress conditions) and I 3 (excess in irrigation water applied) might be due to, onion is a sensitive crop for irrigation (stress or excess) because, under the two conditions the availability of soil nutrients will be greatly affected. So, the rate of nutrients uptake will decrease either by low availability under the conditions of irrigation treatment I 1 or increasing availability and hence increasing leaching of these nutrients under the excess irrigation conditions (I 3 ). Therefore, yield and yield attributes affected by irrigation treatments, but under the conditions of irrigation treatment I 2 the amount of irrigation water applied is suitable for plants to grow well and take their nutritional requirements and hence forming plants with good characters which reflected on both yield and yield attributes. Also, decreasing yield and yield attributes under the water stress conditions, might be due to moisture stress in this treatment have adversely affected the cell division and cell enlargement because of reduction in the level of endogenous phytohormones viz., auxins (Nandi et al. 2002) and Abd El-Gawwed, (2008) . Also, these results are in a great harmony with those obtained by Pelter et al. (2004) . Moreover, Satyendra et al. (2007) found that onion yield was significantly affected by irrigation. In addition, El-Akram (2012) in Egypt, found that onion bulb yield was higher with frequently irrigation i.e. irrigation as 40% of available soil moisture was depleted, in comparison with irrigation at 60 and 80% ones.
9-
Concerning, intercropping treatments, showed highly significant effect on onion yield and the studied yield components in the two growing seasons. Regarding, onion yield (ton/ fed.) the highest mean values were recorded under intercropping treatment D 5 (pure onion cultivation) and the values are 12.33 and 11.57 ton/ fed. under irrigation treatment I 1 , 14.47 and 13.54 ton/ fed. under I 2 and 12.54 and 11.76 ton/fed. under I 3 in the first and second growing seasons, respectively. Meanwhile, the lowest mean values for onion yield were recorded under intercropping treatment D 1 under all irrigation treatments. Concerning, plant height (cm.), number of leaves, bulb diameter (cm.) and bulb weight (gm.), the highest mean values were recorded under intercropping treatment D 1 but the lowest mean values were recorded under treatment D 3 in the two growing seasons. Increasing onion yield under intercropping treatment D 5 and the studied yield components under D 1 might be due to decreasing the competition rate between plants on their nutritional and light requirements and hence, increasing the studied parameters under the abovementioned intercropping treatments. Regarding, the interaction effects between irrigation and intercropping treatments on onion yield and the studied yield components, all interactions showed highly significant effect on all the studied parameters. These results are in a great harmony with those reported by Moursi et al. (2010) , Abdel Motagally and Metwally (2014) and . 6-Land equivalent ratio (LER) and gross return (L.E., fed -1
):
Presented data in Table ( 10) showed that, the values of both land equivalent ratio and gross return were greatly affected by irrigation and intercropping treatments in the studied growing seasons. Concerning, the effect of irrigation treatments on land equivalent ratio, the highest values in the two growing seasons were recorded under irrigation treatment I 3 and the values are 1.094 and 1.076. Meanwhile, the lowest values were recorded under irrigation treatment I 1 and the values are 1.050 and 1.038 in the first and second growing seasons, respectively. Generally, the values of land equivalent ratio (LER) can be descended in order I 3 > I 2 > I 1 in the two growing seasons. Regarding, the effect of intercropping treatments on LER, generally, the highest values were recorded under D 3 but the lowest were recorded under D 1. This indicated that intercropping onion with sugar beet increased land equivalent ratio in all intercropping patterns. The highest land equivalent ratio values are 1.109 and 1.089 were recorded under D 3 in the first and second growing seasons, respectively. While, the lowest LER values are 1.031 and 1.023 were recorded under D 1 in the first and second growing seasons, respectively. Generally, LER value was greater than 1.0 for all intercropping patterns. This showed that the actual productivity was higher than the expected productivity when sugar beet with onion. These results are in the same line those obtained by Abou Khadra et al. (2013) 
CONCLUSION
Under the bad need for maximizing both water and land units through shortage of water resources and available fertile lands. This research recommends that under the conditions of this present study, onion intercropping with sugar beet should be irrigated with 1.0 Ep. (I 2 ) to obtain the best yield, quality and gross return and with intercropping pattern D 4. 
